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ABSTRACT: An experimental program has been conducted to meas-
ure the thermal conductivity of the proposed Viking heat-shield
material, Martin SLA-561, after sterilization (60 hours at
276° F) and during exposure to vacuum and to a simulated
Martian atmosphere (T74.4 percent COp, 12.8 percent Np,

12.8 percent Ar). 1In situ thermal conductivity measurements
were made at 75° F using the line-source technique. The ther-
mal conductivity of SLA-561 was measured to be 0.0298 Btu/ft-
hr-F at atmospheric pressure. In the first envirommental
sequence consisting of atmosphere, vacuum, and simulated
Martian atmosphere exposure, a 60-percent reduction in thermal
conductivity was measured in vacuum. After a lk-hour exposure
to a 7-torr pressure in the simulated Martian atmosphere, the
thermal conductivity increased 67 percent from the value meas-
ured in vacuum. The second environmental sequence consisted of
measurements in the atmosphere, after sterilization and during
exposure to vacuum and the simulated Martian atmosphere. The
results of these measurements showed that sterilization had no
effect on the thermal conductivity measured at atmospheric
pressure nor on the changes measured in vacuum and in the
simulated Martian atmosphere. Thermal conductivity was meas-
ured at varying pressures during both environmental sequences
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and the results showed the thermal conduﬁtivity to be essen-
tially independent of pressure below 10™" torr with the transi-
tion from molecular to continuum flow occurring in the 1072 to
10 torr pressure range.

KEY WORDS: thermal conductivity, vacuum effect, ablation
material

Recent experimental results have shown that the thermal
and mechanical properties of spacecraft materials can be
altered by exposure to the space enviromment.1:2,3 In particu-
lar, results have shown that the thermal and mechanical proper-
ties of ablative heat-shield materials may change due to
sterilization and exposure to vacuum. To determine the thermal
conductivity of a candidate Viking heat-shield material during
the mission environmental sequence, an experimental program
has been conducted wherein in situ thermal conductivity meas-
urements were made after sterilization and during exposure to
vacuum and a simulated Martian atmosphere.

EXPERIMENTAL PROGRAM

Thermal Conductivity Measurements

The line-source technique was used for measuring thermal
conductivity. In this technique a heater wire and thermo-
couple wire are placed inside a sample as shown in Fig. 1.
Heat is generated in the sample by passing a known heater
current through the heater wire, and the variation of tempera-
ture with time is measured with the thermocouple located on
the heater wire. The heater circuit consisted of a 6-volt
battery, an ammeter, and a variable resistor for presetting the
heater current prior to initiating sample heating. After
initiating the heater current, the temperature-time history of
the heater wire is recorded using the thermocouple located on
the heater wire, a reference junction and a recorder. From the
recorder output, a computer program is used to fit a least-
squares straight line to the data and calculate the thermal
conductivity from the slopﬁ of the line. The thermal conduc-
tivity was calculated from

t
K = -3 in EE
1

where

=
i

thermal conductivity
q = heat input
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Fig. 2 is a photograph of the thermal conductivity
ingtrumentation and ¥Fig. 3 is a photograph showing details
of the sample instrumentation. All measurements were made at
200 mA heater current with a heating period of 5 minutes. A
second thermocouple was inserted 1/4 inch (see Fig. 3) below
the sample surface and monitored during the tests to determine
if the surface temperature was changing. Also, a plot of the
logarithm time-temperature output was also examined to check
the linearity. All measurements reported are the average of
the thermal conductivity measured on three samples at a given
time.

Environmental Chamber

The sterilization, and exposure to vacuum, and a simulated
Martian atmosphere was done in the 20-cu-ft-ultrahigh vacuum
chamber shown in Fig. 2. This is a stainless steel chamber
capable of achieving pressures of 10710 torr. A complete
description of the chamber is given in Ref. 5.

Material

The candidate Viking heat-shield material studied was
SIA-561, made by the Martin Marietta Corporation. The SLA-561
has a density of 0.201 g/cc and is composed of a silicone
elastomer filled with silica spheres, phenolic microballoons,
silica fibers, and cork. A complete description of the
material, including its ablative properties, can be found in
Ref. 6. Thermal conductivity samples were 4 by 4 by 6 inches,
and typical samples are shown in Fig. 4. The 0.010-inch
manganin heater wires and the 30-gage copper-constantan thermo-
couple wires were cast into the heat-shield samples during
sample preparation. The material was preconditioned several
weeks at 45 percent relative humidity in a class 100 clean
room prior to testing.

Environmental Sequence

Thermal conductivity measurements were made during two
environmental sequences: (1) atmosphere, vacuum, and simu-
lated Martian atmosphere exposure, and (2) atmosphere, sterili-
zation, vacuum, and simulated Martian atmosphere exposure.

The first sequence began by making several thermal conduc-
tivity measurements on the three samples in the vacuum chamber
at atmospheric pressure (see Fig. 3). The chamber was then
evacuated and thermal conductivity measurements were made as a
function of time during the 128.5-hour vacuum exposure time.
After 146.1 hours,the pressure was increased to 7.0 torr with
a simulated Martian atmosphere consisting of 4.4 percent CO s
12.8 percent Np, and 12.8 percent Ar. Thermal conductivity
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measurements were made at 7.0 torr. The chamber pressure was
then reduced to 1.0, 0.5, and 0.1 torr and thermal conductivity
measurements were made at each of these pressures. The
pressure time history for sequence 1 is shown in Fig. 5. All
environmental exposures and thermal conductivity measurements
were at 750 F.

At the start of the second sequence,three different
thermal conductivity samples were sterilized in the chamber by
heating the samples of 276 F for 60 hours at a pressure of
600 torr in a dry nitrogen atmosphere. After sterilization the
thermal conductivity was measured at 75 F and the vacuum
exposure begun. Thermal conductivity measurements were made as
a function of vacuum exposure time for 95.0 hours and after
96.5 hours the pressure was raised to 7.0 torr with the
similated Martian atmosphere. The pressure time history for
this sequence is also shown in Fig. 5.

EXPERIMENTAL RESULTS

Sequence 1 - Atmosphere, Vacuum, Simulated Martian Atmosphere
The thermal conduct1v1ty measured at atmospheric pressure

was 0.0298 Btu/ft-hr- °F as shown on Fig. 6. After 1.8 hours in

vacuum, the average thermal conduct1v1ty had been reduced

46 percent to 0.0161 Btu/ft-hr-°F. For the first 20 hours in

vacuum the thermal conductivity continued to decrease, and after

31.5 hours the conductivity was 0.0120 Btu/ft-hr-°F and

remained approximately constant for the remainder of the vacuum

exposure period. After 1U46.1 hours the pressure in the chamber

was raised to 7 torr with the simulated Martian atmosphere.

Measurements were made immediately after reaching 7 torr and

after 4, 8, and 12 hours. The thermal conductivity measured

at these times was 2.0186, 0.0200, 0.0191, and 0.0193,

respectively. The pressure was then reduced to 1.0 torr for

4 hours, after whlch time the thermal conductivity was

0.0145 Btu/ft-hr- °F. The pressure was then reduced to 0.5 torr

for 4 hours after whlch time the thermal conductivity was

0.01ko Btu/ft—hr— F. Finally, the pressure was reduced to

0.1 torr for 4 hours after which time the thermal conductivity

was 0.0131 Btu/ft-hr-"F

Sequence 2 - Sterilization, Vacuum, Simulated Martian Atmosphere

A second environmental sequence on three different SLA-561
samples was conducted wherein thermal sterilization was
included. The thermal conductivity measured at 600 torr in a
nitrogen atmosphere after sterilization was 0.0296 Btu/ft—hr-oF
(see Fig. 7). Since the thermal conductivity for the unsteri-
lized samples discussed in sequence 1 was 0.0298 at atmospheric
pressure, there was essentially no effect of sterilization on
the thermal conductivity. After sterilization the vacuum

200




exposure began, and the measured thermal conductivity values are
shown in Fig. 7. The vacuum-induced changes for the sterilized
samples (sequence 2) were similar to the vacuum-induced changes
for the unsterilized samples (sequence 1). For instance, after
2 hours in vacuum, the thermal conductivity of the sterilized
samples (sequence 2) was 0.0161, whereas the thermal conductivity
of the unsterilized samples (sequence 1} was 0.0155 Btu/ft-hr-OE
After 95 hours in vacuum, the thermal conductivity of the steri-
lized samples (sequence 2) was 0.0140 Btu/ft-hr-OF compared with
0.0124 Btu/ft-hr-OF for the unsterilized samples (sequence 1).

After 96.5 hours the pressure was increased to 7.0 torr
with a simulated Martian atmosphere. Three hours later the
thermal conductivity for the sterilized samples (sequence 2)
was 0.0212 Btu/ft-hr-°F. The thermal conductivity for the
unsterilized samples (sequence 1) was 0.0200 Btu/ft-nr-OF after
4 hours in a 7-torr atmosphere of the simulated Martian
environment. The sterilization had very little effect on the
thermal conductivity of SILA-561 during vacuum exposure and
exposure to the simulated Martian atmosphere at 7 torr.

Effects of Pressure

The effect of pressure for both the unsterilized (sequence
1) and sterilized (sequence 2) samples is shown in Fig. 8.
First, it should be noted that there are no discernible
differences in the thermal conductivity measured at the same
pressure for either of the sequences studied. The measurements
do indicate that at pressures below 10-% torr the thermal
conductivity may be independent of pressure. In the pressure
region 10-2 to 10 torr, the characteristic knee in the thermal
conductivity curve {due to transition from molecular to
continuum flow) was observed. At about 10-1 torr, there appear
to be differences in the thermal conductivity measured during
the vacuum chamber pumpdown and those measured in the simulated
Martian atmosphere. This is difficult to confirm because the
vacuum pumpdown measurements were made while the pressure was
changing as a function of time (see Fig. 5) and thus it cannot
be assumed that the samples were allowed sufficient time to
establish eguilibrium with their environment.

CONCLUSIONS

The results of making in situ thermal conductivity meas-
urements on SLA-561 during sequence 1 (atmosphere, vacuum,
simulated Martian atmosphere) and sequence 2 (atmosphere,
sterilization, vacuum, simulated Martian atmosphere) resulted
in the following conclusions:

1. The thermal conductivity of the unsterilized samples

(sequence 1) was reduced by 46 percent after 1.8 hours in
vacuum and by 60 percent after 31.5 hours. The thermal
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conductivity after 12 hours in a T-torr gressure of a simulated
Martian atmosphere was 0.0193 Btu/ft-hr- F. The thermal
conductivity did not appear to be a function of time in vacuum
after 31.5 hours of exposure.

2. There was essentially no effect of sterilization on
either the thermal conductivity measured at atmospheric
pressure or on the vacuum-induced changes in thermal conduc-
tivity. Measurements at 7 torr for both sterilized and.
unsterilized samples were approximately the same.

3. The thermal conductivity measured for both environ-
mental sequences was essentially independent of pressure below
10~7 torr. In the 1072 to 10 pressure region the thermal
conductivity was a function of pressure.

BTBLIOGRAPHY

1. Greenwood, Lawrence R.; and Comparin, Robert A.:
Application of the Line-Source Technique for Vacuum
Thermal Conductivity Measurements. Presented at the
AIAA/ASTM/IES Fourth Space Simulation Conference, Los
Angeles, California, September 8-10, 1969.

2. Pyron, C. M.; and Pears, C. D.: Effects of Sterilization
and Vacuum Exposure on Potential Heat Shield Materials
for Unmanned Mars Mission. NASA CR-66557, 1968.

3. McCrary, Leon; and McCormick, Carl: Effects of Steriliza-
tion and Vacuum Enviromment on Ablation Materials.
Presented at the IES 14th Annual Technical Meeting,

St. Louis, Missouri, April 29-May 1, 1968.

4. Carslaw, H. S.; and Jaeger, J. C.: Conduction of Heat in
Solids. Oxford, Clarendon Press, 1947.

5. Bradford, James M.: Operating Parameters of the Omegatron
Mass Spectrometer in Ultrahigh Vacuum. NASA TN D-3129.

6. Strauss, Eric L.: Superlight Ablative Systems for Mars

Lander Thermal Protection. Journal of Spacecraft and
Rockets, Vol. 4, No. 10, pp. 1304-1309.

202




HEATER WIRE

THERMOCOUPLE WIRE
v/ /

BATTERY
\ TEST SAMPLE

] THERMOCOUPLE
JUNCTION

-

AMMETER REFERENCE JUNCTION

l

RECORDER

Figure 1.- Experimental technique used for measuring thermal
conductivity.
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Figure 2.- Experimental apparatus used in making the thermal
conductivity measurements.
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Figure 3.- Heat-shield samples located in the 20-cubic-foot
ultrahigh vacuum chamber.
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HEATER AND THERMOCOUPLE WIRES =

Figure 4.- Heat-shield samples used in the thermal
conductivity study.
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Figure 5.- Pressure time history during thermal conductivity

study.
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Figure 7.- Thermal conductivity of SIA-561 measured for
sequence 1 and sequence 2.
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Figure 8.- Effect of pressure on the thermal conductivity of
SLA-561.
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